INTRODUCTION

43
Alpine tundra, the primarily herbaceous vegetation found above treeline, is the product 
56
Rapid change in alpine floras and the potential loss of species makes it especially important to 57 monitor and, if possible, protect these locations. Monitoring and protection can be informed by 58 the study of refugia (e.g., Morelli et al. 2012 ).
59
The characteristics of places that make a good refugium or that indicate the need for a 60 refugium will vary with focus. Ashcroft (2010) noted that thinking on refugia differs with spatial 61 focus between in situ refugia versus refugia as part of a system of stepping stones and between 62 micro-and macro-refugia. We focus on the broad regional geography of refugia and thus on 63 both in situ and distributed refugia. In Ashcroft's (2010) definition, refugia are taxon specific, but 64 here we examine geographies for multiple taxa. Thus a good in situ refugium would be diverse 65 in habitat and species and thus large. A good stepping stone refuge would be accessible, but 66 also have the diversity of habitat to support different taxa.
4
Our purpose is to set the context for monitoring or protection by identifying mountain 68 ranges in the western USA and southwestern Canada in terms of the criteria for refugia function 69 and need. We examine the floristic similarity, beta diversity, and endemism of plant taxa.
70
Endemism of mountain ranges will be inversely related to similarity, and thus the relation of 71 richness to beta diversity is uneven. These observations are relevant to alpine refugia because 72 the assembly of alpine communities is likely the result of processes starting with past refugia,
73
and can inform our thinking on those patterns and processes. Identification of the role of factors 74 such as isolation, can help to identify where refugia might exist or fail as climate continues to 75 change into the future. This is in line with the approach outlined by Keppel et al. (2012) in that
76
we examine biogeography -ecology -patterns if one includes the template of changing climate
77
and geology as part of biogeography.
78
Here, we examine the floristic patterns within regions in order to determine constraints 79 on future response to climate change. We follow Billings (1978) with similar analyses and some
80
of the same data. We identify patterns of similarity and relate these to the isolation across the 
5
Montana and for ranges across the West. In the first instance, distance and climate differences 93 were confounded, but as much difference in community composition existed within as between 94 the regions. In the second instance, distance was more correlated than climate differences with 95 community similarity, indicating that the geographic history of these ranges, possibly over the 96 past 20,000 yr, was most important in determining the assemblage of species. However, that 97 analysis did not examine detailed spatial relations of individual ranges that might indicate how 98 alpine communities might change in the future given the current spatial distribution.
99
Phytogeography of alpine tundra in western North America
100
The phytogeography of the three major mountain systems in the West, the Rocky
101
Mountains, the Sierra Nevada-Cascades (here we include the coastal ranges of the Olympics 
118
to graphs of this distribution. For the mountain ranges in this study, all fall into their "diamond"
119
shape category, but for the highest elevations species studied here the shape is effectively a 120 pyramid, with decreasing area at higher elevations effectively limiting the potential response of 121 species to climate change, given known species-area relations (not to mention that higher 122 elevation areas tend to be bare rock on which it may take millennia for soils to develop).
123
Rocky Mountains
124
The Rocky Mountains are a chain of ranges, and more clearly a part of the continuous 
181
Stretching of the crust resulted in a series of fault-block mountain ranges oriented north-south,
182
with some accompanying volcanism. These ranges are spatially dispersed between the 183 western outliers of the Rocky Mountains (the Wasatch Mountains) and the Sierra Nevada,
184
themselves also fault blocks. The peaks are lower than those of the other ranges
185
The climate of the Great Basis is influenced by the rainshadow of the Sierra-Cascades.
186
The average monthly minimum and maximum temperatures in the alpine zone are -6º and 7º
187
and an average annual precipitation of 700 mm (source: interpolated by DAYMET at 188 daymet.ornl.gov). 
208
MATERIALS AND METHODS
209
Study Areas
210
We reduced the 56 mountain areas in the West used by Malanson et al. (2015) . For 211 more spatial detail, they used some specific study sites, but here we emphasize the broad 212 similarity across entire ranges and so combine some of their sites and use more complete floras
213
(e.g., where they used three sample areas in the Sierra Nevada, we use a single flora for the 214 entire range). The mountain ranges, geographic coordinates, and data sources for each study 215 area are shown in Table 1 . Species were included in this study if they were recorded as being 216 in "alpine" locations in the source documents. These locations will have been above the 217 timberline but may have included krummholz or dwarf conifers, which were excluded from the 218 study. The quality of these data depend on proficiency and consistency of other scientists, 219 which may vary. Moreover, the taxonomy is subject to constant revision. All species names 
222
We calculated the geographic distances between all possible pairs of alpine sites using 223 the haversine method (Sinnott 1984 
235
Columbia where ranges close to the north will likely share species). To assess the effects of 236 isolation, we plotted the similarity versus the distance to the two closest neighbors for each 237 range for each system, not repeating pairs. We fitted a simple exponential regression to these 238 11 patterns and qualitatively assessed the ranges with large residuals. We calculated beta 239 diversity, using β = γ/α for the three ranges separately.
240
RESULTS
241
Similarity
242
Similarity across the West is not high ( Table 2, 
249
The Mantel correlations of similarity with distance are highest in the Rockies and lowest
250
in the Great Basin (Table 2, 
268
Endemism and diversity
269
The Sierra-Cascades has high endemism as a system and a high average per range 270 (Table 2 , row 4) primarily because the Sierra-Nevada is the largest single range, spanning some 271 400 km. The Rockies have high endemism as a system but a low average per range because 272 these species are spread throughout the many ranges, not concentrated. The Great Basin is,
273
however, the surprise because it has relatively few endemic species. These individually 274 isolated ranges are not so individualistic in composition.
275
The diversity across the ranges is also as expected (Table 2 , rows 5-6). The Rockies
276
have more species than the Sierra-Cascade and Great Basin systems combined. Beta diversity 277 is also highest in the Rockies, while it is similar between the others. To examine specific 278 geographic effects, we calculated beta diversity for the Sierra-Cascades without the dominant 
297
Similarity does not tell all we need to know about refugia, and cannot be interpreted 
301
(2015) for alpine discussion) for given its diversity and endemism (the extent of the area above
302
treeline that is bare rock or areas with minimal soil may lower this possibility).
303
The distribution of endemic species is more puzzling. The low endemism in the Great 
322
Because of its size and diversity, the Sierra Nevada will probably serve as a refugium for those 323 species it contains. However, it may not serve a habitat from which species can migrate given 324 the gap in distance and geology to the more northern peaks and ranges. 
341
In the Rocky Mountains, because of their geography, being east of the main cordillera, 342 endemism, and low similarity, the Bighorn Mountain flora may be most in need of protection.
343
The ranges of Idaho, west of the cordillera and geologically similar to those of the Great Basin
344
(the geographic boundaries used are by convention and are arguable), present a similar 345 potential problem.
346
For the West, we have described the context within which species will respond to 347 ongoing climate change. We have been able to use current patterns of similarity, beta diversity,
348
and endemism to identify ranges in the West that are likely to serve as refugia and some that 
354
Our reasoning and analyses differ from the guidance given by Ashcroft (2010) 
